Abstract: C57BL/6 mice were housed five per cage on a 12:12 h light/dark cycle. All animal care, including bed cleaning, was carried out during the nonactive phase. After 2 weeks, mean plasma corticosterone levels, collected during the nonactive (ZT6) and active (ZT18) phases, were 66.0 and 270.9 ng/ml, respectively. The values at ZT18 gradually increased in the order of the mice used for blood collection, but not at ZT6. When animal care was carried out at ZT18, the increasing pattern of plasma corticosterone levels previously observed at ZT18 was less pronounced after 2 weeks of acclimatization, and was not observed after 4 weeks. Therefore, animal care should be carried out in the active phase for at least 4 weeks before experiments involving stress responses in the active phase.
Stress induction in rodents is a critical element in the study of the neural and neuroendocrine mechanisms involved in establishing and maintaining a state of stress. Stress can lead to physical and psychiatric pathologies in rodents, and knowledge of the biologic mechanisms may lead to the development of effective means for relieving significant human suffering and distress [11] . Recently, many research groups, including ours, have studied how to cure and/or treat stress-related illnesses using models of animal stress [3, 11, [19] [20] [21] 24] . Many of these studies employed some biological factors, socalled stress biomarkers, to evaluate physiological changes under stressful conditions. When exposed to stress, the hypothalamic-pituitary-adrenal (HPA) axis is activated and consequently glucocorticoids, namely corticosterone in rodents and cortisol in humans, are secreted into blood from the adrenal cortex [7, 17] . Interestingly, this secretion into blood is recognized as yielding a common stress response in rodents to all kinds of stress, such as restraint, electrical foot-shock, cold, forced swimming, isolation, or confrontation, although secretion intensities vary among individual kind of stress [3, 14, 19] . Hence, researchers can evaluate stress-relative responses in rodents under stressful conditions by measuring blood corticosterone, and can research and screen anti-stress dietary ingredients and drugs. On the other hand, almost all manual work for experiments such as dissection, blood collection, and measurement of body -Note-weight and food intake is usually performed while the animal room is illuminated, even though rodents are nocturnal. However, dubovicky et al. reported that shaker stress increased plasma corticosterone levels with a greater absolute value during the dark period (active phase) than the light period (nonactive phase) [8] . Bernatova et al. reported that mean arterial pressure was greater in the nonactive phase under shaker stress than in the active phase, and consequently that stress delivered during the nonactive phase represents a higher cardiovascular risk [4] . This background indicates that physiological responses to stress exposure are quite different between the active and nonactive phases in rodents, even when exposed to the same stress, and that stress experiments using nocturnal animals should be held not only during the active phase but also during the nonactive phase. Accordingly, in animal experiments, physiological stress responses to environmental stressors, except purposeful factors, should be reduced as much as possible to minimize their effects on results. However, data about physiological stress responses during the active phase, especially for mice housed in groups, is limited. In this study, we investigated acclimatization procedures for stress experiments in the active phase on group-housed mice and report that stresslike physiological responses at dissection can be avoided.
Male C57BL/6NCrSlc mice (5 weeks old) were purchased from Japan SLC (Shizuoka, Japan), and were immediately housed fi ve mice per cage (338 × 225 × 140 mm). Mice had access to a certifi ed diet for mice (MF) from the Oriental Yeast Co. (Tokyo, Japan) and tap water. Each cage was individually kept in the Individual Animal Breeding System for Mice (LP-30CCFL-8ARS, Nippon Medical & Chemical Instruments, Osaka, Japan) as shown in Fig. 1A . The insides of individual chambers were maintained at 23 ± 1°C under 12-h dark/12-h light cycles. A cold cathode fl uorescent lamp (4.2 W) was used as the illumination source in the chamber, and its intensity was adjusted to illuminate the fl oor of the chamber by 250 lx. Its spectral radiance was measured using a spectral radiometer CS-1000A (Konica Minolta Holdings, Inc., Tokyo, Japan) and is shown in Fig. 1B . All experimental procedures were in accordance with the guideline of the University of Shizuoka, Japan, for the Care and Use of the Laboratory Animals, based on those of the American Association for Laboratory Animal Science.
Protocol-1: All daily care was performed at ZT6. "ZT" is an abbreviation of Zeitgeber time, and "ZT0" indicated the period when the light went on. Hence, the light period was from ZT0 to ZT12, and the dark period was from ZT12 to ZT24 (0). Our daily care included changing the bedding, refreshing the food and water bottles twice a week, and measurements of body weight once a week. We experimented on mice at ZT6 and ZT18 as described below, after acclimatization for 2 weeks under the well-regulated environment. Environmental factors, such as noise and light, have been reported to induce stress responses [9, 12, 26, 27] . In this study, mice were individually taken from the Individual Animal Breeding System (Fig. 1A) , put into a desiccator covered with an aluminum foil, and then immediately transferred to the dissecting room (Fig. 1C) . Therefore, the other mice could not have known what was happening to their neighbors, including either though smell or noise, except that a mouse housed in their cage had been taken out.
Mice are largely insensitive to red light (>650 nm) [5, 13] . Hence, red light was used for illumination in the dissecting room, and its luminosity was reduced to around 20 lx in order to diminish the physiological effect induced by light exposure. Furthermore, a flashlight covered with red film was used as the light source, when removing mice during the dark period. Mice were anesthetized with ether, and blood was collected from the abdominal vein using heparinized tubes (Capiject, Terumo Medical Corporation, Somerset, NJ, USA) within 3 min of their removal from the cage. The five mice in each cage were taken out at 8 min intervals. Plasma was separated by centrifugation at 1,200 g for 10 min and maintained at a temperature of -80°C until corticosterone analysis. Protocol-2: All daily care was performed at ZT18 under the red light with reduced luminosity. After 2 weeks of acclimatization, mice were anesthetized with ether at ZT18, and blood was collected.
Protocol-3: All daily care was performed at ZT18 under the red light with reduced luminosity. After 4 weeks of acclimatization, mice were anesthetized with ether at ZT18, and blood was collected.
Plasma corticosterone levels were determined in duplicate using an EIA kit (Assay designs, Inc., Ann Arbor, MI, USA) according to the manufacturer's protocol. Statistical analyses were performed using Student's t-test with Pharmaco Analyst II (Hakuhousha Co., Ltd., Tokyo, Japan). A P value of less than 0.05 was considered to indicate a statistically significant difference.
Plasma corticosterone levels were analyzed individually at ZT6 and ZT18 after 2 weeks of acclimatization including daily animal care at ZT6. As shown in Fig. 2 , the mean-value in the active phase (270.9 ng/ml) was significantly higher than that of the nonactive phase (66.0 ng/ml). Corticosterone is secreted into blood from the adrenal cortex, when the HPA axis is activated, for example, under stressful conditions as described above. Additionally, the activity of the HPA axis is recognized to have a diurnal pattern, and therefore glucocorticoid production indicates a robust diurnal pattern [23, 28] . Briefly, the blood corticosterone level is lowest at ZT0-4, and then starts to increase. It reaches a peak at ZT12-16 under 12-h dark/12-h light cycles [8, 18, 25, 28] , indicating that plasma corticosterone levels are higher in the first half of the active phase than the first half of the nonactive phase. The same pattern is seen for cortisol in humans [23] . Our results are in agreement with the reported, normal physiological responses; however, the amplitude of plasma corticosterone levels between the active and nonactive phases in our results was about two-times larger than that those reported by other researchers [18, 25, 28] . Interestingly, our values for corticosterone in the active phase gradually increased in the order of the mice used for blood collection: first mouse of five, 83.3 ng/ml, then 317.2, 308.6, 273.0, and 372.6 ng/ml; the values in the nonactive phase were 17.3 ng/ml, then 115.2, 83.0, 32.3, and 82.5 ng/ml (Fig. 3A  and 3B ), respectively. Blood collection is a very common procedure performed on laboratory animals and is well-known to induce stress [1, 22] . Croft and co-workers reported that a stress response was evident five minutes after saline injections to the abdomen [6] . Therefore, we employed ether aspiration as anesthesia to minimize stress responses during the handling and injection of mice. Although exposure to ether has also been reported to increase the plasma corticosterone level [15] , we considered that some stimuli, for example, contact 3 . Plasma corticosterone of individual mice collected during the nonactive phase (ZT6) and active phase (ZT18). After 2 weeks of animal care procedure performed at ZT6, blood was collected individually at ZT6 (A) and ZT18 (B). After 2 weeks of animal care procedures performed at ZT18, blood was collected at ZT18 (C). After 4 weeks of animal care procedure performed at ZT18, blood was collected at ZT18 (d). , period of daily animal care; , period of blood collection. Plasma samples were collected from each mouse (5 per cage) at 8 min intervals.
with humans, affected the mice except for the first mouse during the active phase. Therefore, the stimulation of corticosterone might not have appeared during the active phase in mice housed singly in previous experiments [8, 18, 25] . To accustom the mice to human contact, we next tried analyzing plasma corticosterone levels after carrying out daily animal care during the active phase, ZT18. After 2 weeks of acclimatization, blood was collected at ZT18 and the corticosterone levels were analyzed. The values for the first and fifth mice were 81.8 and 315.1 ng/ml, respectively (Fig. 3C) , indicating that the values were similar to those obtained after carrying out daily animal care during the nonactive phase (Fig.  3B) . However, the corticosterone levels of the second, third and fourth mice showed a gradual increase, and this change was not as dramatic as initially observed. These results indicate that daily animal care performed during the active phase for two weeks diminished the stress response of the group-housed mice during the active phase. When rodents are exposed to stressors such as injection, their corticosterone levels increase in order of exposure [6] , indicating that the second and subsequent mice still suffered some stress in the Protcol-2 (Fig. 3C ). In addition, the data shown in Fig. 3B and 3C indicate that corticosterone level in the initial mouse of five might be intact level without stress responses. When the acclimatization continued for 4 weeks, plasma corticosterone was 216.8 ± 32.5 ng/ml, and did not increase in accordance with the order of the mice for blood collection (Fig. 3D) . The plasma corticosterone the value of the first mouse (205.6 ng/ml) was higher than in the other protocols ( Fig. 3B and 3C ). The reason for this difference might be that the animals were older, since the acclimatization period was longer in this experiment, and blood corticosterone levels are known to increase with age [2, 10, 16] . Especially, Lin et al. reported that serum corticosterone levels in young mice gradually increased from 3 weeks of age to 14 weeks [16] . The results of our study indicate that daily animal care performed during animal experiments may affect the stress response in the active phase. Group-housed mice, for example five mice housed per cage, showed a typical stress response for the blood collection in the active phase, when daily animal care procedures were carried out during the nonactive phase. To avoid misunderstanding the stress-related responses, daily animal care should be done during the active phase for at least 4 weeks before the experiment is conducted during the active phase using group-housed mice. We believe that our results will be helpful for researchers investigating physiological responses to stress in rodents during the active phase and novel anti-stress foods and drugs.
